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JP 57-185349A (Ref. 3) 
SPECIFICATION 

1. Title Of the Invention: POLYAMIDE FILM FOR A PACKAGE 

2 . Claim 

A polyamide film for a package comprising 1.0% to 13.0% by 
mole of at least one metal halide. 

3. Detailed Description of the Invention 

The present invention relates to a polyamide film for a 
package which contains a metal halide and has low gas 
permeability . 

Films each composed of a polyamide such as poly-e- 
caprolactam and polyhexamethylene adipamide have excellent 
characteristics in tensile strength, toughness, heat resistance 
and the like, and have low gas permeability such as for oxygen, 
and hence they are in wide use for packaging of foods or the like. 
In order to further elongate the shelf lives of foods or the like, 
demands have been increased to further reduce the oxygen 
permeability . 

To meet. these demands, are known films obtained by applying 
an oxygen barrier polymer such as poly (vinyl idene chloride) onto 
the surface of a polyamide film, or laminated films obtained by 
laminating a saponified product of an ethylene-vinyl acetate 
copolymer, which is an oxygen barrier polymer, on a polyamide. 
These films are, however, disadvantageous in that blushing or 
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swelling of the films occurs and their gas permeability such as 
for oxygen increases when subjected to high-temperature 
sterilization such as a so-called boiling treatment, retort 
treatment and high-retort treatment. 

Furthermore, these films are disadvantageous in their 
markedly low productivity, because the production of the films 
requires coating or compounding with another type of polymers. 

It is an object of the present invention to solve the above 
disadvantages of the conventional techniques, and to provide a 
polyamide film having a low permeance for gas such as oxygen, 
nitrogen, hydrogen, helium or argon, more particular, having a 
permeance for qas reduced to half that of the material polyamide 

€ 

film, without deteriorating the various useful characteristics 
of the polyamide film as a packaging film. The above 
characteristics include heat resistance, toughness, 
transparency, printability , laminating property and the like. 

To achxeve the above object, the present invention provides 
a polyamide film for a package comprising 1.0% to 13.0% by mole 
of at least- one metal halide. 

According to the present invention, the content of the metal 
halide to be incorporated into the polyamide should be equal to 
or more than 1.0% by mole and preferably equal to or more than 
4.0% by mole to exhibit the effect of reducing the gas 
permeability. In contrast, if the content exceeds 13.0% by mole, 
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the gas permeability increases abruptly. When two types or more 
of metal halides are incorporated into the polymer , the total 
amount of the metal halides should be within the above range* 

The term "metal halide" to be contained in the polyamide 
as used in the invention means and includes compounds composed 
of the following elements . 

That is, the metal of the metal halide means any element 
selected from among Groups la through Vila elements, Groups lb 
through IVb elements and Group VIII elements of the Periodic Table 
of Elements , and the halogen of the metal halide means any element 
selected from Group VI lb elements of the Periodic Table of 
Elements . * 

Of the metal halides to be contained in the polymer according 
to the present invention preferred are those having the following 
characteristics : 

( 1 ) at least one of the metals constituting the metal halide 

j 

has a first ionization potential of equal to or less than 10 eV. 

(2) If the metal(s) constituting the metal halide is 
composed of any element belonging to the Group la elements alone , 
at least one metal has an ionic crystal radius of equal to or 
less than 0.9 angstroms. 

Typical examples of the metal halides to be contained in 
the polymer according to the invention include, but are not 
limited to, the following compounds. 
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(1) magnesium chloride, magnesium bromide, magnesium 
iodide, calcium chloride, calcium bromide, strontium chloride. 

(2) lithium chloride, lithium bromide, lithium iodide, 

(3) cobalt chloride, copper chloride, zinc chloride, cobalt 
bromide, zinc bromide, nickel chloride. 

(4) beryllium chloride, lanthanum chloride, cerium 
chloride, molybdenum chloride, chromium chloride. 

(5) copper bromide, manganese chloride. 

(6) calcium potassium chloride, aluminum sodium chloride, 
magnesium sodium chloride. 

Any combination of these metal halides can be chosen when 
two or more types of the metal halides are incorporated into the 
polymer . 

Polyamides used in the present invention include nylon 6, 
nylon 66, nylon 11, nylon 12, and other aliphatic polyamides, 

and copolymers thereof, and polyhexamethylene isophthalamide, 

j 

polyhexamethylene ( isophthalamide/terephthalamide) copolymers, 
poly-m-xylylene adipamide, poly (m-xylylene/p-xylylene) 
adipamide and other aromatic polyamides. Among them, nylon 6, 
nylon 66, nylon 6/66 copolymers, (having a weight ratio of 
copolymers ranging from 95/5 to 80/20), polyhexamethylene 
isophthalamide, poly-m-xylylene adipamide or the like are 
typically preferred. Each of these polyamides can of course be 
used singly or as a blend of two or more components . For instance, 
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a blend of an aliphatic polyamide and an aromatic polyamide, such 
as a blend of nylon 6 and poly-m-xylylene adipamide, can be used. 

The film of the present invention may be whichever of an 
unstretched film, mono-oriented film or bi-oriented film, of 
which a bi-oriented film is typically preferred. The film of 
the present invention can be a film coated on another substrate. 

The production process of the film according to the 
invention will be now described in detail, which process should 
not be considered to limit the scope of the invention. 

Processes for incorporating the metal halide into the 
polyamide include: a process comprising the step of adding the 
metal halide tx> the polyamide before, during of after the 
polymerization of the polyamide; or a process comprising the 
step of adding the metal halide to powder or pellets of the 
polyamide. 

Alternately, use can be made of a process comprising the 
step of immersing pellets or powder of the polyamide, or a 
prepared unstretched, mono-oriented or bi-oriented film of the 
polyamide in a solution of the metal halide. The polyamide may 
further comprise a variety of additives (e.g., talc, silica, 
calcium stearate, ethylene-bis-stearamide) according to 
necessity. 

Next, an illustrative process using nylon 6 as the polyamide 
will be described. A metal halide in a given amount is added 
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to nylon 6, and the resultant composition is molten and extruded 
at 260 to 300°C to a sheet, the sheet is cooled to 30 to 80°C 
and is solidified to give an unstretched film. The unstretched 
film is then heated to 50 to 140°C, and is stretched 2.5 to 4.5 
times in the longitudinal direction at a rate of stretching of 
10 4 to 10 6 %/min. This mono-oriented film is then heated to 60 
to 140°C and is stretched 3.0 to 5.0 times in the widthwise 
direction at a rate of stretching of 1 x 10 3 to 4 x 10 4 %/min. 
If necessary, the film is subjected to a heat treatment at 180 
to 220°C for 0.5 to 10 seconds. When a higher degree of 
crystallization of the film is desired, the time period of the 
heat treatmentMiiay be increased or a wet heat treatment may be 
conducted. In the above description, the film is stretched first 
in the longitudinal direction and then in the widthwise direction. 
The stretching can be conducted in reversed order, or 
simultaneously in both the longitudinal and widthwise directions . 
The thus obtained bi-oriented film may of course be subjected 
to a known corona discharge treatment (e.g. , in air, in nitrogen, 
or in carbon dioxide gas) or to a flame treatment. 

The film of the present invention has only to have a 
polyamide film containing a metal halide as described above, and 
the advantages of the inventive film can further be exhibited 
when the film is made into a composite laminate film by forming 
a polymer layer for composite laminate, which contains no metal 
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halide, on both sides of the film of the invention. This 
composite laminate film is prepared by laminating a polymer for 
composite laminate on both sides of the inventive film which is 
not oriented or is monoaxially oriented, and where necessary 
stretching the resultant composite laminate film in the 
longitudinal direction and/or in the widthwise direction. 
According to necessity, an anchor coat adhesive layer can be 
interposed between the constitutive layers. The preferred 
polymers for composite laminate in this case are nylon 6, nylon 
66, nylon 610, nylon 612, nylon 11, nylon 12, poly-m-xylylene 
adipamide, polyhexamethylene isophthalamide, and other 
polyamides, polyethylene, polypropylene and other polyolefins, 
"Addmer" (manufactured by Mitsui Petrochemical Industries , 
Ltd.), "Sarlyn" (manufactured by Du Pont), "MOLDEX" 
(manufactured by Sumitomo Bakelite Co . , Ltd. ) and other modified 
polyolefins. Among these polymers, polyamides are most 
desirable a£ polymers for composite laminate. 

Of the polyamides, an aliphatic polyamide having a ratio 
of methylene groups to amide groups (CH 2 /NHCO) in repeating unit 
of equal to or more than 5 and preferably equal to or more than 
7 is desirable, from the points of water resistance, boiling 
resistance, retort resistance or the like. Each of the outer 
layers (layers containing no metal halide) of the composite 
laminate film should preferably have a thickness of 1 \i or more, 
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and more preferably 3 n or more, from the points of water 
resistance, boiling resistance, retort resistance or the like. 
The ratio A/B of the layer (A) containing the metal halide 
relative to the layer (B) containing no metal halide is preferably 
set in the following manner according to the type of the polyamide 
containing the metal halide. To be more specific, when the 
polyamide constituting the inner layer is an aliphatic polyamide 
such as nylon 6 or nylon 66, the ratio A/B is equal to or more 
than 1, and preferably equal to or more than 2.3; when the 
polyamide is an amorphous aromatic polyamide such as a 
polyhexamethylene isophthalamide, the ratio A/B is equal to or 
more than 0.4 and preferably equal to or more than 1; and when 
the polyamide is a crystalline aromatic polyamide such as 
poly-m-xylylene adipamide, the ratio A/B is equal to or more than 
0 . 1 and preferably equal to or more than 0.4, from the point of 
gas permeability. 

The production process of the composite laminate film will 
now be described in detail, by taking a film using nylon 610 as 
the polymer \for composite laminate as example in the interests 
of simplicity. A given amount of the metal halide is added to 
nylon 6 to give a composition, and the composition and nylon 610 
containing no metal halide are fed to two extruders respectively, 
and the individual polymers are molten at 250 to 300°C, are passed 
through an adapter for three-layer composite, and are extruded 
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to give a sheet of molten three-layer composite composed of a 
nylon 6 layer containing the metal halide and nylon 610 layers 
containing no metal halide, in which the nylon 6 layer constitutes 
the inner layer , and the nylon 610 layers constitute both outer 
layers. The sheet is solidified by cooling to 30 to 80°C to give 
an unstretched film. The three-layer unstretched film is then 
heated to 50 to 140°C and stretched 2.5 to 4.5 times in the 
longitudinal direction at a rate of stretching of 10 4 to 10 6 %/min. 
The resultant mono-oriented film is heated to 60 to 14 0°C and 
stretched 3.0 to 5.0 times in the widthwise direction at a rate 
of stretching of 1 x 10 3 to 4 x 10 4 %/min. If necessary, the film 
is then subjected to a heat treatment at 180 to 220°C for 0.5 
to 10 seconds, 'when a higher degree of crystallization of the 
film is desired, the time period of the heat treatment may be 
increased or a wet heat treatment may be conducted. 

In the polyamide film comprising the metal halide according 
to the present invention, the species of the metal halide and 
its content are strictly defined and thus a characteristic 
interaction\between the metal halide and the polyamide occurs. 
The polyamide film of the invention has therefore the following 
features , in comparison with polyamide films containing no metal 
halide. 

(1) The gas permeability for oxygen, nitrogen, carbon 
dioxide gas, hydrogen, helium, argon or other gas is extremely 
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low (for instance, the permeance for oxygen is half or less that 
of a polyamide f ilm^jqontaining no metal halide). 

(2) The film has stron^nerve, Resulting in improved 
workability in af ter-prqcessing^Te~. g • / printing process, 
packaging process), 

(3) Polyamides are, naturally, polymers which can hardly 
be formed into films by a successive biaxially stretching method, 
which method is most excellent in productivity. The 
incorporation of the metal halide to such a polyamide permits 
the resulting polymer to be successively biaxially stretched 
with ease, and an improved productivity is obtained. 

According^to the composite laminate film which is obtained 
by forming a layer containing no metal halide as outer layers 
of the film of the present invention, the following advantages 
can be obtained in addition to the above advantages. 

(1) When nylon 6, nylon 66, nylon 610, nylon 612, nylon 11, 
nylon 12, poly-m-xylylene adipamide or another polyamide is used 
as the polymer for composite laminate, a film having further 
enhanced boiling resistance, retort resistance and toughness can 
be obtained. 

(2) When polypropylene, polyethylene or another polyolefin 
is used as the polymer for composite laminate, a film having 
further enhanced resistance against moisture permeation can be 
obtained. 
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(3) The use of "Ad^mer" (manufactured by Mitsui 
Petrochemical Industries, Ltd.) or "S^rlyn" (manufactured by Du 
Pont) as the polymer for composite laminate can yield a film 
having further enhanced resistance against moisture permeation 
and heat-sealing property. 

As described above, the film of the present invention has 
the excellent characteristics as above without deteriorating 
various useful characteristics of a polyamide film, such as 
toughness, heat resistance, transparency and the like. The film 
can therefore be applied to the following applications. 

( 1 ) Packaging of pharmaceutical preparations and foods 
(e.g., snack foods, friedcakes, bean pastes) which should be 
protected from 'deterioration or denaturation by oxygen. 

(2) Packaging of foods (e.g., meat products, aquatic 
products, daily products) which require a high temperature 
sterilization treatment (retort treatment). 

(3) Packaging of foods and beverages (e.g., coffee, green 
tea, dried laver) whose aroma should be protected from 
dispersion.^ 

(4) Packaging of machine parts, which requires both 
antioxidation property and toughness. 

The terms and measuring methods and criteria for 
determination of the characteristics used in the present 
invention will now be described together below. 
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( 1 ) Permeances for oxygen of films 

(a) Measuring methods 

The permeance was measured under conditions of a temperature 
of 20°C and relative humidity of 0%, using an apparatus for 
measuring permeance for oxygen, type OX-TRAN 100 (Modern Control 
Co . , Ltd . ) . 

(b) Criteria 

When the permeance for oxygen of a test sample was half or 
less that of an original polyamide film, it was assessed that 
the metal halide produced an effect. 

(2) Measurements of metal halide contents in film 

A sample was subjected to dry asshing and then dissolved 
* 

in a solvent to' give a solution, and a metal component in the 
sample solution was quantitatively analyzed by atomic absorption, 
and the amount of the metal halide was calculated from the amount 
of the metal. 

(3) ••% by mole" 

The term "% by mole" as used in the present invention for 
indicating the contents of the metal halides means a value 
obtained by dividing the number of moles of the contained metal 
halide by the number of moles of contained repeating units of 
polyamide, and multiplying the obtained value by 100. 

(4) First ionization potential of the metal 

It is defined as the energy required for removing one 
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electron from an atom in its ground state, and the values 
described in B. E. Douglas, D. H- McDaniel; Youichi Niimura, 
Hitoshi Hidaka, trans. "Inorganic Chemistry" I, Tokyo 
Kagaku-Dojin, Tokyo Japan, p. 40-41 (1968) were employed. 
(5) Ionic crystal radius of metal 

The values described at page 128 of the above mentioned 
reference were employed. These values were calculated from the 
values of radius of monovalent ions described by L. Pauling, in 
consideration of ionic charges. 

The present invention will be further described in detail 
with reference to several comparative examples and examples 
below, which should not be considered to limit the scope of the 
invention. 
Example 1 

To powder of nylon 6 (Nylon Powder 1001P, manufactured by 
Toray Industries, Inc.) having a relative viscosity of 2.4 
(determined in 98% sulfuric acid, at 25°C) was added 6.8% by mole 
of lithium chloride (anhydrous lithium chloride, a guaranteed 
reagent as intact, manufactured by Kanto Kagaku Co. , Ltd. ) , and 
the mixture was sufficiently blended with a Henschel mixer, and 
was molten and extruded, using a biaxial extruder, in the form 
of stringing to give pellets . The pellets were fed to an extruder 
and were molten and extruded at 270°C to give a sheet. The 
extruded sheet was wrapped around a casting drum, whose surface 
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temperature was controlled to 50°C, and was cooled and solidified 
to give an unstretched film 170 \xm in thickness. 

The unstretched film was preheated at 80°C for 20 seconds 
with a film stretcher (manufactured by T. M. Long Co., Ltd.)/ 
and was concurrently stretched biaxially three times each in the 
longitudinal and widthwise directions. The rate of stretching 
in this step was 3, 000%/min. Immediately after stretching, the 
oriented film was subjected to a stretching heat treatment at 
190°C for 2 0 seconds. The lithium chloride content of the treated 
film was found to be 6.3% by mole, revealing that it was almost 
the same with the amount added to the composition. The 
permanence f or*oxygen of the bi-oriented film thus obtained was 
found to be 8 cc/(m 2 24 hrs) per 15 ixm. Separately, a series 
of bi-oriented films were prepared in the same manner as above, 
except that the amount of lithium chloride to be added was varied 
in the range from 0 to 20% by mole, and the lithium chloride 
contents and permeances for oxygen of the obtained films were 
determined. Fig. 1 illustrates these and above results. Fig. 
1 shows that, the permanence for oxygen was remarkably decreased 
only when the lithium chloride content was within a certain range . 
Example 2 

To powder of nylon 6 ("AMILAN" CM-1021T, manufactured by 
Toray Industries , Inc.) having a relative viscosity of 3.4 
(determined in 98% sulfuric acid, at 25°C) was added 9.0% by mole 
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of lithium chloride (anhydrous lithium chloride, a guaranteed 
reagent of Kanto Kagaku Co., Ltd.)/ and the mixture was 
sufficiently blended with a Henschel mixer, and was molten and 
extruded at 280°C / using a biaxial extruder, in the form of 
stringing to give pellets . The pellets were fed to an extruder 
and was molten at 285°C, and separately, pellets of nylon 610 
( "MILAN" CM-2001, manufactured by Toray Industries, Inc.) 
having a relative viscosity of 2.5 (determined in 98% sulfuric 
acid, at 25°C) was fed to another extruder and was molten at 27 0°C 
The molten polymers were coextruded to give a three-layer sheet 
in which a nylon 6 layer containing lithium chloride constituted 
the inner laye*- and nylon 610 layers containing no lithium 
chloride constituted both outer layers. The obtained three- 
layer film was cooled and solidified on a casting drum, whose 
surface temperature was controlled to 50°C, to give a 190-jim 
unstretched film. Each of the nylon 610 outer layers containing 
no lithium chloride had a thickness of 3 8 juru The unstretched 
film was then preheated at 70°C, and was stretched 3.2 times in 
the longitudinal direction while heating by an infrared heater. 
The stretching was carried out by difference in circumferential 
speed between two pairs of rolls, at a rate of stretching of 
10 5 %/min. The stretched film was quenched by wrapping the film 
around a quenching roll at 20°C immediately after stretching, 
thereby yielding a mono-oriented film. 
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The obtained film was fed to a stentering machine and was 
stretched 4.0 times in the widthwise direction while heating to 
100°C, at a rate of stretching of 5 x 10 3 %/min. The oriented film 
was then subjected to a stretching heat setting treatment at 195°C 
for 0.5 second, then was subjected to a relaxation heat treatment 
at the same temperature by relaxing the width of the film wider 
than the original width of the film by a factor of 5%, followed 
by another stretching heat setting treatment at the same 
temperature for 1.5 seconds . The film was then gradually cooled 
to room temperature to give a bi-oriented three-layer film 
(having a total film thickness of 15 |xm, including the inner layer 
9 \xm thick and t>he outer layers each 3 ^m thick) . The inner layer 
of this film had a lithium chloride content of 8.0% by mole. The 
overall permanence for oxygen of the three-layer composite film 
was found to be 9 . 8 cc/ (m 2 24 hrs ) per 15 \xm, which was markedly 
smaller than that of a 15-jxm nylon 6 film containing no metal 
halide. The permanence for oxygen of this film after a retort 
treatment was 10.5 cc/(m 2 24 hrs) per 15 (xm, indicating that 
increase in "permeance for oxygen due to the retort treatment and 
whitening of the film were negligible. The term "retort 
treatment" as used herein means a treatment at 120°C under steam 
pressure for 5 minutes. 

Example 3 and Comparative Examples 1 through 5 

A three-layer bi-oriented film was prepared in the same 
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manner as in Example 2, except that 7.0% by mole of calcium 
chloride (anhydrous calcium chloride, a guaranteed reagent 
manufactured by Kanto Kagaku Co., Ltd.) was added instead of 
lithium chloride used in Example 2, and that a nylon 6 layer 
containing calcium chloride constituted the inner layer and 
nylon 610 layers containing no calcium chloride constituted the 
outer layers . (The thickness of the film was identical with that 
of Example 2 . ) The intermediate layer ( inner layer) of the film 
had a calcium chloride content of 6.5% by mole, and the 
three-layer composite film had an overall permanence for oxygen 
as low as 8.7 cc/(m 2 24 hrs ) per 15 |jua. The permanence for oxygen 
of the film after a retort treatment was 9.5 cc/(m 2 24 hrs) per 
15 urn, indicting that almost no deterioration in performances 
and whitening of the film due to the retort treatment were 
negligible. 

Separately, a series of films were prepared in the same 
manner as above, except that the additive and its content were 
changed as shown in Comparative Examples 1 through 5 indicated 
in Table l.\ These films could not reduce the permeances for 
oxygen, as shown in the table. 

Table 1 

Note: Permeances for oxygen are indicated as relative values 
obtained by setting the permanence for oxygen of a film in which 
the intermediate layer contains no additive, i.e. contains nylon 
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6 alone, at 100. 

Examples 4 and 5, and Comparative Examples 6 and 7 

A bi-oriented film (Example 4) was prepared in the same 
manner as in Example 3, except that the intermediate layer and 
the outer layers of the three-layer composite laminate film 
obtained in Example 3 were respectively changed to have a 
thickness of 11 |jm, and 2 |ian each, and that the material of the 
outer layers was changed to nylon 12 ( "AMILAN" CM-5051 FX-2, 
manufactured by Toray Industries, Inc.)- The thus obtained 
three-layer composite laminate film had a calcium chloride 
content in its intermediate layer of 6.5% by mole and an overall 
permeance for oxygen of as low as 7.7 cc/(m 2 24 hrs ) per 15 jluti. 
The permeance for oxygen of this film after a retort treatment 
was 8.8 cc/(m 2 24 hrs). 

In addition, a bi-oriented film (Example 5) was prepared 
in the same manner as in Example 3 , except that the intermediate 
layer and thfe outer layers of the three-layer composite laminate 
film obtained in Example 3 were respectively changed to have a 
thickness of 13 jjun, and 1 \im each. The characteristics of the 
obtained film are shown in Table 2 . Separately, a series of films 
were prepared in the same manner as above, except that the 
additive and its content were changed as shown in Comparative 
Examples 6 and 7 indicated in Table 2. These films could not 
reduce the permeances for oxygen, as shown in the table. 
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Table 2 

Example 5 

To pellets of nylon 6 ( "AMI LAN" CM-1041, manufactured by 
Toray Industries , Inc.) having a relative viscosity of 4.2 
(determined in 98% sulfuric acid, at 25°C) was added 4.0% by mole 
of strontium chloride (anhydrous strontium chloride, a 
guaranteed reagent of Wako Pure Chemical Industries, Ltd. ), and 
the mixture was sufficiently blended with a Henschel mixer, and 
was molten and extruded, using a biaxial extruder, in the form 
of stringing to give pellets . The pellets were fed to an extruder 
and were molten and extruded at 280°C to give a sheet. The sheet 
was wrapped around a casting drum, whose surface temperature was 
controlled to So°C, and was cooled and solidified to give an 
unstretched film 200 pun in thickness. The unstretched film was 
then preheated at 60°C, and was stretched 3.0 times in the 
longitudinal direction while heating by an infrared heater. The 
stretching Was carried out by a difference in circumferential 
speed between two pairs of rolls, at a rate of stretching of 
10 5 %/min. Tfce stretched film was quenched by wrapping the film 
around a quenching roll at 20°C immediately after stretching, 
thereby yielding a mono-oriented film. The obtained film was 
fed to a stentering machine and was stretched 4.5 times in the 
widthwise direction while heating at 90°C, at a rate of stretching 
was set at 5 x 10 3 %/min. The oriented film was then subjected 
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to a stretching heat treatment at 195°C for 0.5 second, then to 
a relaxation heat treatment at the same temperature by relaxing 
the width of the film wider than the original width of the film 
by a factor of 5%, followed by another stretching heat treatment 
at the same temperature for 1.5 seconds. The film was then 
gradually cooled to room temperature to give a bi-oriented 
three-layer film (having an overall film thickness of 15 iua, 
including the inner layer 9 jim thick and the outer set of layers 
each 3 urn thick). The inner layer of this film had a strontium 
chloride content of 3.5% by mole. The overall permanence for 
oxygen of the three-layer composite film was found to be 11 cc/(m 2 
24 hrs) per IS^mjii, which was markedly smaller than that of a 
bi-oriented film of the material nylon 6. 
4. Brief Description of the Drawings 

Fig. 1 is a diagram showing the relationship between lithium 
chloride content and permanence for oxygen of a bi-oriented 
single layer film 15 nm in thickness obtained in Example 1. 
Patentee: Toray Industries, Inc. 
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